The kinetic constants for the title reactions have been measured in benzene, at 25 ºC, at various aniline concentrations. In spite of the low k B /k 0 ratios, the reactions are inferred to be genuinely base-catalyzed. The susceptibility constants estimated for the various steps of the reaction mechanism(s) have allowed to make clear the limits of the so-called "element effect" criterion.
Introduction
The S N Ar reactions of nitro-activated thiophenes with primary and secondary amines can be catalyzed by the nucleophile. The catalysis law observed depends on the nature of the aromatic substrate, the amine, the nucleofugal group, the base, and the solvent used. 
Results and Discussion
The apparent second-order kinetic constants, k A , for reactions of compounds (1-4) with aniline in benzene, at various nucleophile concentrations, are listed in Tables 1-4. Examination of the kinetic data shows that for each substrate k A increases linearly with increasing nucleophile concentration.
A least-squares treatment of data according to eq. (3)
eq. (3)
gave the results reported in Tables 5-8 . With reference to the Scheme and eq. (1), the fact that the apparent second-order kinetic constants are described correctly by eq. If the acceleration observed, expressed quantitatively by eq. (3) were not due to base catalysis but to some effects of unclear origin, the k 0 parameter should correspond to k 1 .
According to this identification, this specific rate constant increases with increasing electronwithdrawing power of the substituent present in the thiophene ring, with the leaving group being equal (Tables 5-8) , as expected on the grounds of the electronic substituent effects on the activation energy for the formation of the reaction intermediate.
In fact, the k B parameter also increases in the same way and, moreover, there is an excellent linear correlation between log k B and the corresponding log k 0 values (Table 9) .
Since it is difficult to give an appealing interpretation of this rigorously quantitative dependence on the substituent effects of the phenomenon "measured" by k B and , , "effects due to the medium polarity", 4 we must conclude that in this case a genuine base catalysis is involved.
The relatively low k 3 B /k 2 ratios certainly depend on the poor basicity of aniline and then on its poor catalytic efficiency.
Plots of log k B or log k 0 values versus σ -substituent constants 5 show excellent linear correlations (Table 10) . Since
and log k = ρσ -+ c the slopes of the straight lines obtained correspond, for each leaving group, respectively, to ρ 1 +ρ 3 B  ρ -1 and ρ 1 +ρ 2 -ρ -1 . In the k -1 step-that is, in the decomposition of reaction intermediate into starting compounds-one observes both the breaking of the intramolecular hydrogen bonding between the "anilinium" proton and the 3-nitro group and the breaking of the bond between nucleophilic nitrogen and aromatic carbon atom as exemplified in 6.
An electron-withdrawing substituent present in the thiophene ring favors, with respect to hydrogen, breaking of the first bond and hinders that of the second one. Of course, the more important effect is that on the carbon-nitrogen bond, in that it is the degree of formation or of breaking of this bond that controls predominantly the energy of the first transition state of the addition-elimination; thus ρ -1 should be negative.
In the k 2 step, where a spontaneous decomposition of the intermediate in the reaction products occurs, an "anilinium" proton transfer to the leaving group is concerted with the detachment of this group from the aromatic carbon atom, as shown in 7. ISSN 
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With increase in the electron-withdrawing power of X, the basicity of the oxygen atoms of the nitro group is reduced, and the acidity of the H(1) and H(2) hydrogen atoms increases.
As a matter of fact, the lower acidity of H(1) caused by the elimination of H(2) is partly counterbalanced by the increase in the acidity of H(1) caused by the change occurring from a mono-aryl-substituted amine (aniline) to a bi-aryl-substituted amine (N-thienyl-aniline); thus, there is nearly no effect on the hydrogen bond involving the nitro group and the H(1) hydrogen atom. On the grounds of the effect (not counterbalanced) on the acidity of H(2), ρ 2 should be positive.
The intramolecular acid catalysis occurring through the hydrogen bonding between L and H(2) is influenced in a direct way by the nucleofugality of the leaving group involved, as controlled by the electronic effect of the X substituent; thus ρ 2 should be negative.
It is evident that the more important effect is that on the carbon-leaving-group bond, in that it is the degree of formation or of breaking of this bond that controls, predominantly, the energy of the second transition state of the addition-elimination mechanism; thus, as a whole, ρ 2 should be negative.
As far as the k 3 B step is concerned, it is worthwhile to consider the possible catalysis mechanisms. The removal of the acidic anilinium proton in the reaction intermediate could happen in different ways. 6 In the first mechanism the rate-determining step involves the formation of the transition state 8.
With increasing electron-withdrawing power of X, the basicity of the oxygen atoms of the 3-nitro group decreases, and the acidity of H(1) and H(2) hydrogen atoms increases. As a consequence of the detachment of H(2) the acidity of H(1) decreases, with the net effect of reducing the stabilization of the transition state owing to the intramolecular hydrogen bonding between the nitro group and H(1). Thus, there is a balancing between the favorable effect of the X-substituent variation and the unfavorable effect on the intramolecular hydrogen bonding.
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As a whole, in this catalysis mechanism one should observe ρ 3 B ~ 0. In the SB-GA mechanism 1 a rapid pre-equilibrium occurs with a transition state like 8 where a proton is transferred from 1-H to the amine. In this case, at variance with what happens in the k 2 step (see above), the acidifying effect of the X substituent is complete. If this were the only factor operating it should give ρ 3 B > 0.
The subsequent step, that is, the acid catalysis for the leaving group's elimination by the conjugate acid of the amine [transition state 9] is hampered by the electron-withdrawing X substituents and ρ 3 B < 0 should be observed. The effect of X on the C Ar -L bond breaking should be similar to that seen above for the k 2 step.
The mechanism for the intermediate's decomposition by bifunctional catalysis involves a breaking of the hydrogen bond between the "anilinium" proton and the nitrogen, which is concerted with the breaking of the bond between the leaving group and the aromatic carbon atom, as exemplified in 10.
Also in this case the effect of X on the acidity of the H(2) hydrogen is only partial, whereas that on the breaking of the C Ar -L bond should be similar to that seen above for the SB-GA mechanism.
Let us now consider the values of ρ 0 (= ρ 1 +ρ 2 -ρ -1 ) and of ρ B (= ρ 1 + ρ 3 B -ρ -1 ) for the various series of substrates (Table 11 ).
Since the ρ 1 values for the reactions of 2-L-3-nitro-5-X-thiophenes with aniline are known 5, 7, 8 (Table 11) , by assuming (ρ 1 ) benzene = (ρ 1 ) methanol it is possible to estimate the Table 11 .
Both the ρ 2 -ρ -1 and ρ 3 B -ρ -1 differences are rather small and suggest ρ 2 and ρ 3 B values, respectively, similar to the ρ -1 value.
On the reasonable hypothesis that ρ 1 ≅ |ρ -1 |, the ρ 3 B -ρ -1 differences estimated allow us to exclude the idea that the studied reactions are catalyzed through the mechanism where the ratedetermining step is the proton transfer [transition state 8].
The transition states for the k 3 B step of the SB-GA mechanism [9] and that for bifunctional catalysis [10] involve, as in the case for the k 2 step [transition state 7], the breaking of the bond between carbon atom and leaving group, but only in the SB-GA mechanism does the X substituent exert a complete acidifying effect on the H(2) hydrogen. Since this effect opposes that on the breaking of the C Ar -L bond, the observation of ρ 3 B -ρ 2 > 0, with the implication that |ρ 3 B | < |ρ 2 |, represents a strong indication in favor of the SB-GA mechanism for the k 3 B step. On the hypothesis that the reactions studied are catalyzed by this mechanism, the leaving group variation should not greatly affect the pre-equilibrium where a proton is transferred from 1-H to the amine. In the subsequent step [transition state 9], the general-acid catalysis involves a transfer of the proton of the conjugate acid of nucleophile to the leaving group, concerted with its elimination from the aromatic carbon atom. Since the more basic is the leaving group, the more difficult is the breaking of the C Ar -L bond, and thermodynamically more favorable is the pK difference between the leaving group and acid catalyst, it is likely that the influence of L on the position of the transition state [9] along the reaction coordinate is rather small. Similar reasoning can be given for the k 2 step and the relevant transition state [7] . However, in this case, the situation could be complicated by the fact that the bulkier leaving group (for example, bromine as compared to chlorine) should have a more favorable geometry for the formation of the intramolecular hydrogen bonding.
In conclusion, the differences ρ 3 B -ρ -1 and ρ 2 -ρ -1 , as a function of L, should be mainly determined by the effect of variation of the leaving group on the ρ -1 reaction constant. It turns out that the parameter k -1 is influenced by the electrophilicity of the carbon atom to which it is bonded in the reaction intermediate and that this electrophilicity is controlled by the inductive effect of the leaving group. The greater "efficient electronegativity" of phenoxy-and pnitrophenoxy-groups causes, with respect to the two halogens, and with X being equal, greater k 1 values and lower k -1 values.
Thus, the ranges of transition states for these leaving groups are closer to the reactants, with respect to the corresponding ranges for halogen leaving groups, and consequently imply higher ρ -1 values.
By assuming ρ -1 < 0, ρ 2 < 0, and ρ 3 B < 0 (see above), on going from L = Cl or Br to L = OC 6 H 5 or OC 6 H 4 NO 2 -p, it is reasonable that the absolute value ρ -1 increases, and the same holds for the ρ 3 B -ρ -1 difference. For the reasons given above, the ρ 2 -ρ -1 differences are more difficult to interpret.
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The results obtained in the present work contribute to make clear the limits of the criterion called the, "absence of element effect". 9 From a comparison of the apparent relative nucleofugacities of the various leaving groups one observes that, whereas the mobility order is always OC 6 H 4 NO 2 -p > OC 6 H 5 > Cl > Br, the reactivity range for k B (k 0 ) varies from 26 (18) for X = NO 2 to 91 (13) for X = Br.
These data would point out a remarkable element effect if they referred to the breaking of the C Ar -L bond in the rate-determining step. From what we have said above, they refer, in contrast, to composite constants (k 1 k 3 B /k -1 , k 1 k 2 /k -1 ) and probably the effect of the leaving group variation on these parameters reflects mostly on the k -1 parameter which, indeed, pertains to the step where there is no breaking of the C Ar-L bond! a The kinetic constants were reproducible to within ± 3 %. a The kinetic constants were reproducible to within ± 3 %. ratio is estimated to be 3.9 %. 
Experimental Section
Synthesis and Purification of Compounds. Benzene, 10 aniline, 11 2-L-3-nitro-5-X-thiophenes, 12 and N-(3-nitro-5-X-2-thienyl)anilines 11 were prepared and/or purified as previously reported.
Kinetic Measurements. The kinetics were followed spectrophotometrically as previously described. 13 The concentrations used were 2.4 x 10 -4 mol dm -3 for 1-4 and those indicated in Tables 1-4 for aniline. The wavelength and log ε values for UV spectral measurements are reported in Table 12 .
